Role of calcium as an inhibitor of rat liver carbamylphosphate synthetase I.
The mechanism of Ca2+ inhibition of carbamylphosphate synthetase I has been investigated using purified enzyme obtained from livers of rats fed a high protein diet. Binding of Mn2+ to the enzyme was measured by EPR techniques at pH 7.8, and Scatchard plots of the data indicated one Mn2+-binding site with a K'd of 13 microM. From competition studies between Mn2+ and Ca2+ or Mg2+ binding, values of 180 microM were obtained for K'd (Mg) and 193 microM for K'd (Ca). A nonlinear least squares curve fitting program was used to calculate the K'm for MgATP2- at the metal-nucleotide binding sites using a simplified rate equation of the enzyme reaction mechanism. Values of 140 and 2420 microM were obtained for K'm (MgATP) at the first and second sites, respectively, at pH 7.8, with a free Mg2+ of 1 mM and other substrates and activators present at saturating concentrations. Variations of the bicarbonate, N-acetylglutamate, and ammonia concentrations in the absence and presence of different amounts of total calcium, from which free Ca2+, free Mg2+, MgATP2-, and CaATP2- concentrations were calculated, permitted values for K'i (CaATP) to be obtained by graphic procedures. Mean values of 375 and 120 microM were obtained for K'i (CaATP) at the first and second sites, respectively. Using the above kinetic constants, a computer model of the enzyme reaction was constructed and tested using two further sets of kinetic data obtained by varying the concentrations of Mg2+, Ca2+, MgATP2-, and CaATP2-. Poor fits were obtained unless the formation of a mixed complex involving CaATP2- competition with MgATP2- at the second metal-nucleotide-binding site was incorporated into the rate equation. Nonlinear least squares curve fitting of both sets of experimental data gave a well determined value of 124 microM for this final CaATP2- inhibitory constant. Sensitivity tests for variation of the primary kinetic constants with the computer model showed that the inhibitory effect of free Ca2+ was weak and that the observed calcium inhibition of carbamylphosphate synthetase can be accounted for primarily by competitive interaction of CaATP2- at the second MgATP2- binding site. With 1 mM free Mg2+ and 5 mM MgATP2-, half-maximal inhibition of enzyme activity was obtained with 0.2 mM CaATP2-.